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Scsp(t) = Ac[1 +my cos(2mfoot) + m; cos(2nfisot)] cos(2nfct), 1)
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Sspo (t) = As[my cos(2mfogt) + my cos(2mfi50t)] cosmft), (2)
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Stotal (t) = Scsp(t) + Sspo (t)

3
Stotal (©) = [(Acspr + Aspor) cos( 27 - 908) + (Acsss + Aspoz) cos(2m - 1500)] - cos@nfot) O
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Bobsd0, 5d0GMA 0Lobo OX9IEIB0SD s 53 THoMgl MRYds WBGM derogMo 150 3gmEosbo
Logbowo, bmwm 90 3963096 Loborgdl 9d69ds00 LadoMmOL3OMM BsBLMOMDS. dgmeg dbstgl 30 150
39603056 Lobsg0ao300m  BHMbow® Logbswgdl 99698500 Ls3oMOL3OO™  RIHBYOMDS, bmerm 90
39630560 Logbsegdo 04690056 gsBsdo.
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56056 150 s 90 39m 30560 Lbsgz0as30Mm GHMbsm@mo bogbsgdol 3603369 mdd0. m s N 506
BodBHMM9d0, MHMIWIGdoE ©IMZ0EIPOMWLO 56056 4osd3gdol  BLOAIEEZMYHBY s  9BEIboL
900539059, 396 930905 Bs3fgHmm Logbowgdo 999gabsocs: CSB=m(f1+f2) s SBO=n(f1-12),
15653 f1 046905 MBOHM OO 300MY 2, 90 39MH 30560 Logbswo 0dbgds MRG™ derogeo 53 FgMGHowdo.

CSB = m(f1 + f2)SBO = n(f1 — f2)
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CSBB + SBO =m(f1+ f2) + n(f1—f2)
CSBB + SBO = mf1+mf2 +nfl —nf2
CSBB +SBO=(m+n)fl1+ (m—n)f2
1 560 Mxcd™ deogo f1>f2. (5)

bbgomdols 990mbgg35d0, f1 < £2 -Bg, Mg 60dbs3L, ®MA (396GH®MO boBob Jotrxgzgbs dbstls
©™3dobocmgdl 150 3930060 Logbowo.

CSB=m(f,+ £,)SBO=n(f,- 1,)

?3>0m3egdobasb
CSB-SBO= m(fi+f,)-n(fi-1£)
CSB—SBO = mf,+mf, —nf, +nf,

CSB-SBO= (m-n)f,+(m+n)f,
f; <f, £, 5600 g6 demogmo ©

b53OLM Moom FMdmeol dgdmbgzgzsdo, (39bGHMIMHO bsbol dsmibbog (J3gdmam) 90
39630560 Logbswo 0g69ds MBO™ deogMo, bergnm doMbbog (Bgdmm) 150 39G3E0sbo Logbswro.
bggbotgdo
dmEMs300L  LoE®MIGOL Mol  Lbgomds sbysM0dgds 90 s 150 3gGEosbo  Lsbsgogsgom
LobsEgdOL IMEES(300L LOEMAOL godmygbgdom G930 BMMIIO0):

DDM = Ugo Hz—U1s0 Hz (7)

Ugo Hzt U150 Hz

Gmgbsg DDM # 0 :

DDM # 0 Bo3596Hm bedsgrqo 56 099mz3g0s 396GHMowM bobby.

0v) DDM > 0, 90 39630560 Lbsbsgogsom @mboscrrMo Loabswro Ma3®m dErogeos, s
00Yymx99s 5.00.D -0l Jocbbog.

If DDM < 0, 150 39630560 bsbsgogsgom Gmbowm®mo Logbswo wadm dwogos, ©s
00ymx99s 5.00.D -0l docrx3b03. (L. 2).
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Aircraft left of runway Aircraft centered Aircraft right of runway
“Fly right” on runway “Fly left”
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990056Mg00m. 390dME, M) LobM39wo 899535¢00 Logbowo As0boMEIds 1 d-0m, dglsdg Mool
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nbE33g6GmGO SZF
LoaBamo e
/ 0BOgHINETm
? 5GonGo
I 1 dB Loabsemo
148 3dB
8985350 Logbswo

L. 3. FBSTIbEHMMO Logbseol 1dB-0m goBMs 0f)393L sGOLLWMZ9wO
063963 Ms30vM0 Logbswols $33wwo@vol 3dB-om goBOM-L.

9L 3sbsLosMYdYE0 bob Aol B30l 3603369gwM396 Fys®ml LodmMEHM MoEombobsgzoaszom
9090909d0LmMZ0L.  Foadomo©, vy mMo VHF Msom gosdggdo  3wdomdls  900gdstg
LobdoMygdbg, Bomo Bgdmddgwgdom dgjdbowo Tglsdg Gogol 3OHMmEvdEo 890dwgds dmbgzgl
Lobglishgm oxmgbols LobGgdol Lobdo®mol 0s35HmbTo. 8 GHodol bgedgdwsd dgodergds
399m0f30mb Lobgwlisfym sgMgbols LoliEgdol Mosom 0dgdol sSMLHmMO BbJsombomgds s
3g3M0b530Lm30L Fglodsdobo sMVLFMEMO Lsbsg0Ys30M FomMOMYdgdOL dofjmgds [6, 7, 8, 9].

fimps = 2f1 — f2 @ fimpz = 2f2 — f (8)

Usgs3: f1 S f2 90056 Mm®o 870535¢00 Logbagrols LobdoMygdo.

dgLsdg  Mogol  0bGIMIMEWsEool  3OHM©MJGHOL  Loddwosgcmg Tgodergds  sdmobs@ml
MMamO3:

PIMD3:Pin_2'(IP3_Pin) 9)

Piyp3- 960 9gbsdg Gogol  0b@ghImmwszom®o 360mEwyd@dolb LBoddwsghg ©s P~
3605396¢EM0 LolM3z9gEro Lobscrol LoddwrsgMy.

CSB s SBO Logbsemgdbg 063 gMdmenmemsgom®o @sdsbobxgdol gi3gd@ob
B99mgdggdol 5650 G0z Mo sefighs

b90mddggds CSB Logboswgdbg: GmEqbog 0bEGHIMIM©mMwszoweo ©sdsbobxgdool (IMD)
36OmMIBHo, Omdgwmog  FoMdmgdbowos  sbamdgdstg  VHE 2005933900056, OmIgmros
39600319005 Lobgelofiym  @oxMgbol  LoLEGIAOL  gosd@sbo  LobdoMol  BsbErmdwo
(@ssbermgdoom 108,1 MHz), dsl dgo9denos 990539MHbML 533¢00GHWIOs© dmEomgdymo CSB
(390059960 @5 339000 DBMero) Lobsero. 58 Ggdmbggzsdo ol Fgmderos Jsdmofizoml sGILHmMo
156530530 06BMMT>305 s LOYBsEIOL boMOLbOL 3900905, o3 80dWGdT0 SOMMEGOL 6
39919939l bool 150 s 90 39630560 Logbsgdol s0dmBgbsl s 59Mgdsl. vy IMD 3Gm©wddo
390mBbgds 109 MHz-0056 sbgoml, 35l 999demos 999m0@sbmb s6ololvyMzgaro bdsrmdo 56 GHmbgdo,
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MBOHM639wYMRL BHMbormo LBsg0Rs30Mm LOABIEGOOL LM ©YIMEMWSE0sL s Fg3EMI0m
5599995390 o  F0sH3ol  IREMOLIZL  Bobsgoysgom  0bxgm®Ts3osl.  CSB  Loabsgrolimgol,
959953032965 0bGHIMIMPOI530IM0 Tb0bKJdS Tgodergds s0HgMH ™l MHmym®3:

Sesg(t) = (Ap + €’cosufiypt))[1 + my cosRmfygt) + m, cosRmfiset)] cos(2mf.t), (10)
bogo:

L. (€) 9glbombo sMOL 0b63GIMIMEMs30mO Loabswol fiyp 993w0GHW©S, MMIGWo3
595b0bx 0L 90 s 150 39ME056 LEbs30YEOM BHMbIBL ;

Ac: 560l 350593960 Loabsrol s33¢0EGH¥s;

fimp: 0639MIMEMEs30M0 Logbseol Lobdomy;

my andm;: 56096 fog O f150. 39030960 LEBZ0REFOM LOABIEGdOL FMEUYEs30OL LOW®MTY9dO;
fei 960b 49059960 Logbaeol Lobdody.

AR

0639M3mmogon®o bgdmddgogds SBO (DSB-SC) bogbsgnbg- SBO (Bbmemm 93960@00m0
Bmgd0) bogboeo sHOL MBG™ bLYLBHO 53 bgedgderol odsMm oD RsbTMBOW0S Fosd@Esbo
LobdoMy. 63d0Ld0gMBs 0b6GHYMIMPMsE30MTs 3OMMIGHTS OMIgEoE 296mMsgLEYds, MHMIgwos
396003L90s 23900 BMEol LobJoMggdMsb sberml, Fgodergds godmofizoml bdsmdo b
©585b0obxgds 90 3(3/150 333 LobsEgdOL 39MPOMS HBMEGITO S ISMIWI0MU 53 LOBIEGAL Mol
593@0GHMOIO0 05sbLO, o3 39803936 J0d0JOOL sMILHMO Bwb0mbocMgdalish [10].

SBO (dbmm@ 339600000 Bmergdo)-0m30l 06@gMIM©es30)o adabobxgds smofigegds
MMaMO3:

Ssgo(t) = (As + e’cosRufiypt))[my cos(2mfoet) + m, cos(2mfisot)] cos(2mf,t), (11)

bogo:

1. € bossg 98Low™bo sGoL 0b6EIMIMOMWSE0IM0 Logbswol s83wo@rws SBO (Ibmerme
339600m0 Bmgdo) Logabsedo. Moash SBO Logbswl 53l gosd@ebo Lobdotg  5J3L
Bobdmdoo, IMD 30053060 23wgbsl bbb Lobsgoaszom  GHMbsmMo  Logbswrgdol
I s300L LOPMTYgdOL BdoEBLDY 90 Hz s 150 Hz @Hmbgdl dmMobl, Mog sdsbobxgdl
LO3OEO® IMPYIES3O;

Ag: (Gbmem 243900000 Dmgdom) Logbswol sd3co@s;

my cos(2mfoot): Fodmaagbl 90 396306 35d3m@Eomgdge Logbowl;

my cos(2mfi50t): FoOIMoyqbl 150 3963056 3s8m©MEoMgdge Logbswl;

fe 1 3900593bo LobdoMg L3Ol Goom drydrGolbomgol 108.1 MHz - 111.95 MHz LobdotMwew
©0535Dmbdo.

A
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©930:J89gd0L Byegysc

0v) IMD 36m©d@o 330l 90 33 s 150 33 Lsbsgogogom Gmbgdol gsBsl, Bz9b ga30dwos
39903L5bMo N 0sbo Lobsro, OHMYMM(3:

Simp (t) = Scsp(t) + Sspo (1), (12)

Lo@o3 BOBoBY s 9930 ENMPIBY BgImgdggdom 5d3L MIPYMmBoMO gBgIGHO 58 ™Mo
L5B5305:30M BHMbowMo Logbsergdol 9936M930Ls s bLbgsmdols OMU.

}sB580 dgmazo 3m33mbgb@gdo (396G Mmo bsbol dotrxggbs FbsMgl) 453wgbsl gobo30s6
063963 Ms30m0  3OMOMIGHI0ED, ©s ) b sOsbIbMEZgwo  Bmbgdo  BsBob
39055A0GOSL 35dM0§39396, 9856 Fg0degds AsdMofz0ml sMIBHMOO ToBHgdomo (bsFoMmby
3930) 9mEI530, M3 259M0f393L 3IOLOD AoIbEOOL 5B3967dOL SMLHmO B39bgd9dL.

R}Bsdo  sbs33¢gdmmo  3md3mbgbBdo (396GHMsmo babol domibgbs TbstgL) Fabol
3OHMO0 4509653330905 godm0of393L SMBLHMM LsbsgoysEOM F0MOMYPGODY 3OLOWIE QoabMol
9563969090 BY, M0 LEBsg0Ps30M FHMbsErMEmOo Logboswgdo 3IbEGHMWMMO bsBol 3mbzMgEme
dbsgl  9053g00s6 0d, Loss Loabsegdo 6MH0sb BsBsTo, @O 9ddEgd0b o0d, Loz odzm
L530MHOL30MOM BsHMYOHMDS 0bEJNIMOMW 300 LobsErOl BBMJIgIdoL FgYAS®. 04 BMmbEYdS
LoBog0s30m 150 s 90 39630960 LOABSEGOOL BsBHTO PO YOGDS, Gl 25TM0f393L Tg3EMIGOL
X590L5 @ Bb3gsMdOL FlErmegdoLsl, s1g3g 890degds 56 dmbgl Logabscrols LMo 4smJdgds od,
LooE Fom 9930 LO30MOL3OOM BB, 53 Fgdmbgzgzsdo Ls3MOLM Moom FMdmEol Lobsgzoyssom
d000myd900 803gdol dogk  5©0ddgds gm0 s 250Mof393L  3MOLOEIL  FowsbMob
95h39b90e0ol  5MLHME  B3969d0L.  360dBHogsdo  0b@gMHImOMEsEo®  ©sdsbobyxgdsls
500MmbB305(30Mm 3030gdTdo F9mdE0s godmofizomb:

1. g5¢d0o 250bMol Jomomgds 9.0. B - J0dsm0): MZoMIFMHOBs3ds Fgodegds dooEmls
563LFmE0 Logabowgdo, o3 30MmAL 53304M9d0bdL, MM 0go 396GHMIWMMO bsbols dstibbog b
do6x3603 08ymxn9gds, 35806, HrMELsE QU SBg 56 SGOU.

2. 35058OMLOWIdIo  SEdol  AdodBHovIMgds:**  00©0gdds  dgodergds  asdmofizoml
399583M0boWYdgE0 5edol J55dG0MIdS s LoEbsEOl LOMWO 3GMY3s, F50bsE 30, BMEILLE
3900593900056 259 Bsgboo Logbswo LMo s 83580Ms.
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3obgl JoBgHBo M30FMHOBS30L MOOGBEHIE00L 50930l Tobo  sBMYEOL 2oBbMEM 309w gdOLLL
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Study of the Impact of Intermodulation Signals Generated by FM Radio
Broadcasting Services (87.5-108 MHz) on the Aeronautical ILS Radio Navigation
Receivers of Aircraft.

T. Kortua!, Ramin Kutchukhidze?
12Georgian Aviation University
Thilisi, Ketevan Dedoplis Avenue Ne 16, 0103 Georgia

Abstract

Our research is based on test procedures for measuring the characteristics of aviation receivers used to
identify intermodulation distortion generated by broadcast radio transmitters in the frequency range of
87-108 MHz. These distortions create electromagnetic interference that affects aeronautical services
operating in the 108-118 MHz radio frequency band. The study analyzes how electromagnetic
interference from various sources, including FM broadcast radio services, impacts these systems. This
interference generates intermodulation products in the ILS (108-112 MHz) frequency band in the form
of third-order intermodulation distortion, which may produce a false deflection signal in navigation
receivers within this frequency range. Under such circumstances, the aircraft may receive incorrect
guidance signals, leading the pilot to believe that the aircraft is positioned either left or right of the runway
centerline. Receiving signals of this category could erroneously indicate a course deviation or result in a
complete loss of signal, causing disorientation of the aircraft relative to the runway.
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